Study objectives -To examine a national data set of all childhood cancers for evidence of space-time interactions within three distinct sets of dates and places (at birth, at diagnosis, and at death), to show whether the patterns found for these events represent separate phenomena or statistically interdependent processes, and to see whether the childhood leukaemias and the childhood solid cancers have separate distinctive patterns in these respects. Design -This was a space-time cluster analysis. The large number of cases enabled division ofthe data into two sets, one for hypothesis generation and the other for hypothesis testing. Setting -England, Scotland, and Wales.
1 km and up to 5 months apart), and on date and place of diagnosis (particularly among cases diagnosed from 3 to 5 km apart and up to 9 months apart). There was no clustering among the solid cancers. These findings were confirmed in two separate analyses oftwo separate sets of data.
Conclusions -The birth clustering was significant among pairs diagnosed at differing ages, and diagnosis clustering was significant among pairs born at different times, and it was concluded that the two types of clustering must be regarded as separate and statistically independent phenomena. Both the birth and the diagnosis clusters comprised many independent pairs of cases, with no large multiple case clusters. This suggests the involvement of multiple time-space localised exposures to hazards with short and constant latent intervals; probably an infectious agent or an environmental toxin.
Given the separate nature of the two types of clustering, exposure to more than one hazard may be involved.
(JT Epidemiol Community Health 1995;49:158-163)
It has been suggested that childhood leukaemias and cancers sometimes occur in small and transient clusters, and that this is consistent with either an infective cause or a focal-episodic toxic cause for the disease. Many workers have investigated clustering in relation to the date and place of onset, or of diagnosis, using a variety of methods. ' The results have been inconsistent -some studies have found evidence of space-time clustering,`6 while others have not.79 Some investigations have also examined childhood leukaemia data for clustering in relation to the date and place of birth. These studies have likewise provided some evidence, albeit weak evidence, of space-time clustenng.l 3 Most published studies have consisted of relatively localised collections of cases (for example, for a county or city). Some have been based on anecdotal data, or on small data sets, and a range of space-time intervals have been examined for clustering. Sometimes, formal analyses have been based on intervals suggested by previous, less formal impressions of excesses within the same data set, and the statistical significance of the clustering is then difficult to assess. These difficulties are exacerbated by the large number of alternative time and distance comparisons available for testing, as well as the multiple opportunities for selecting an area for study because clustering was already suspected.
Only recently has a complete data set from a whole country become available for such examination.56 Even there, the data were limited to the dates and places of onset and a simultaneous analysis for clustering of dates and places of birth was not possible.
The study reported here gives the results of examining the space-time distributions of births, disease onset, and deaths within a national collection of children with fatal cancers and leukaemias in the period 1953 Cases were excluded from space-time analysis ifthe date and place of the event of interest were not known with sufficient accuracy. There were 3261 cases born in the period 1953-64 within grid lines 200-0 and 400 0 north, 2712 (83%) of these were used in the analysis of the distribution of date and place of birth. Of the cases excluded, 547 were because the full home address at the time of birth was not obtained; most (80%) of these exclusions were because the case had not been interviewed by the OSCC. Only two cases (both leukaemias and lymphomas) were excluded from analysis because date of birth was not known. There was very little difference between the proportion of leukaemias and lymphomas excluded from analysis (15%) and the proportion of solid cancers excluded (18%).
For analysis of the date and place of cancer diagnosis, address at death was used as a proxy for address at diagnosis. There were 8128 cases who died within central Britain, of these 592 (7%) were excluded from analysis, 590 because the date of diagnosis was not known, and two cases because both date of diagnosis and address were not known. There was no difference between the leukaemias and lymphomas and the solid cancers in the proportion of cases excluded from analysis.
For date and place of death, only 2 of the 8128 cases in central Britain were excluded from analysis, both were patients with solid cancers who had not been interviewed, whose addresses at death could not be postcoded and grid referenced with sufficient accuracy.
In the second data set, 7130 cases were born outside central Britain in the period 1953-64, and 4738 (67%) of these were used in the analyses of the distribution of date and place of birth, a lower proportion than was used in the analyses of cases born in central Britain, where 83% of cases were used. All of the cases excluded were because the full home address at time of birth was not obtained, most (82%) of these exclusions were because the case had not been interviewed by the OSCC. The rest were interviewed cases for whom the address at time ofbirth was not given in sufficient detail to allow it to be accurately postcoded and grid referenced. There was very little difference between the proportion of leukaemias and lymphomas excluded from analysis (32%) and the proportion ofsolid cancers excluded (35%).
There were 14 625 cases who died outside central Britain, of these 1567 (11 %) were excluded from analysis of date and place of cancer diagnosis, most because the date of diagnosis was not known. There was practically no difference between the proportion of leukaemias and lymphomas (11%) and the proportion of solid cancers (10%) excluded from analysis.
For date and place of death, only 18 of the 14 625 cases outside central Britain were excluded from analysis. All were cases whose death addresses could not be postcoded and grid referenced with sufficient accuracy.
The distribution of cases in both space and time was examined using the Knox method, comparing the observed number of pairs of cases within short time and space intervals with the number expected if the temporal and geographic distances between pairs were independent of each other. Significance was tested by calculating a statistic, d, which is distributed as the standard normal deviate."8 The confusing effects of a possible spatialtemporal heterogeneity in the population at risk, caused by shifts in population concentration over the long time period covered by the data, were avoided by dividing the data set into shorter time periods and using the modified analysis described by Klauber and Mustacchi.1' This produces a summary statistic, d,, which is also distributed as the standard normal deviate. The application of the Knox method to childhood cancer data, and the modification suggested by Klauber and Mustacchi are described in more detail in Gilman and Knox.s Analyses were first performed for all cancers together, and then separately for the leukaemias and lymphomas grouped together, and for the solid cancers. Some analyses were repeated for two separate age groups: those under 60 months of age, and those aged 60 months or older.
To avoid possible artefacts because of the incompleteness ofthose birth cohorts for whom a full 16 years of follow up were not available, the analyses of date and place of birth were carried out in the "completed" cohorts onlythat is, cases born between 1953 and 1964 inclusive. This was to avoid the possibility of spatial/temporal heterogeneity in the extent to which onsets and deaths might have been postponed beyond the time limits of case ascertainment. Analyses of date and place of diagnosis and of death were based on deaths during the entire study period, 1953-80.
Results
The results of the Knox analyses are presented in Tables 1-10 (only tables 1 Firstly, consideration must be given to the possiblity of artefactual causes for the space-time clustering within these data. Cases had been excluded from the reported analyses if the date and place of the event of interest were not sufficiently precise. This was done in the interests of accuracy, but might have resulted in clustered exclusions. However, the exclusion rates were similar among the leukaemias/ lymphomas and solid cancers, although the patterns of clustering in these diagnostic groups were different. The greatest proportion of exclusions related to the address at birth, so is also incompatible with the hypothesis that the birth clusters could be statistically secondary to the diagnosis clusters.
The results of the analyses reported here therefore support the assertion that, among the leukaemias and lymphomas, clustering on date and place of diagnosis and clustering on date and place of birth are both "primary". The birth clustering was significant among pairs diagnosed at differing ages, and diagnosis clustering was significant among pairs born at different times. The two types of clustering must be regarded as separate and statistically independent phenomena.
POSSIBLE BIOLOGICAL MECHANISMS
The leukaemia and lymphoma clusters comprised many independent pairs of cases, with little sharing of cases between different pairs, and there were no large multiple case clusters. This suggests the involvement of multiple timespace localised exposures to hazards with short and constant latent intervals; probably an infectious agent or an environmental toxin. Given the separate nature of the two types of clustering, exposure to more than one hazard may be involved.
Such exposures, either during the pregnancy or around the time ofbirth, could induce spacetime patterns of the kinds observed for date and place of birth. If a toxic source were involved, the widespread geographical scatter of the leukaemia and lymphoma clusters would necessitate its common presence in residential areas, but fluctuating in the severity of emission or the closeness of contact. If an infectious agent were involved, it must also be quite widespread. Upper respiratory diseases during pregnancy have been associated with an increased risk of leukaemia or lymphoma for the unborn child,2 22 and these, together with the treatments they invoke, must stand as candidates.
The diagnosis clusters could represent "promotion" events which either accelerate the disease process, or prompt haematological examinations which lead to the recognition of the leukaemia. 
